23 24 25 Germ cells emerge from the epiblast and migrate to the gonads, where they become 26 gonocytes. The gonocytes are the precursors of the spermatogonial stem cells, but little is 27 known about their differentiation. The rigid control of gonocyte proliferation, quiescence 28 and pluripotency marker expression is crucial for spermatogonia development. We have 29 previously suggested that cleaved caspase-3 (Casp3) might play a non-apoptotic role in 30 gonocyte quiescence. Here we describe when rat fetal gonocyte enter mitotic arrest and show 31 that Casp3 inhibition in these cells affects the expression of cell cycle genes. The expression 32 of Ki67, p27 Kip , Retinoblastoma 1 (pRb1), NANOG and CASP3 was investigated in 15, 17 33 and 19 days post coitum rat embryo gonads. The results show that Ki67 and pRB1 proteins 34 are downregulated from 15 days post coitum to 19 days post coitum, whereas p27 Kip , 35 NANOG and CASP3 are upregulated. This suggests that rat germ cells start to enter 36 quiescence around 15dpc and that CASP3 and NANOG seem to play a role in this process. 37 CASP3 labelling formed a ring in gonocyte cytoplasm, which is clearly distinct from 38 apoptotic cell labelling, and coincided with NANOG labelling. CASP3 inhibition lead to an 39 increase of Pcna expression and to a decrease of p27 kip and p21 cip expression. These results 40 suggest that cleaved CASP3 has a role in rat male germ cell development which can be 41 related to the control of the cell cycle genes. 42 43 Introduction 44 45 Male germ cells reach complete development in the peripubertal phase of life in 46 mammals. Their development begins very early in the embryonic life and involves complex 47 processes such as the inhibition of the somatic program, definition of the germ cell fate and 48 sex differentiation in the gonads [1,2]. 49 In mice, primordial germ cells (PGC) derive from a pool of cells from the posterior 50 epiblast [3] from where they migrate through the hindgut and its mesentery to reach the 51 gonad ridge [4]. In the gonads the germ cells proliferate for a short period of time and are 52 committed to male or female differentiation. Female germ cells seem to follow an intrinsic 53 program and enter meiosis [5]. The male differentiation programme involves at least two 54 critical phenomena: Inhibition of meiosis and a quiescent period. In the early embryonic 55 testes Sertoli cells seem to be responsible for inhibiting meiosis and for inducing male germ 56 cell differentiation [6], although germ cell also seems to have a role in testis differentiation 57 [7]. Male germ cell quiescence also seems to be induced by the Sertoli cells through physical 58 interactions mediated by Kit receptor and stem cell factor (SCF) [8] and via secretion of 59 growth factors such as Activin A that has inhibitory effects on cell proliferation in foetal rat 60 testis organ cultures [9]. 61 The significance of the quiescence period to male germ cell development has not 62 been unveiled yet, although it is known that during this period gonocytes undergo key 63 processes such as redistribution along the seminiferous cords [10] and migration to the basis 64 of the seminiferous epithelium via c-Kit/SCF interaction to differentiate into spermatogonia 65 [6, 11, 12]. In the basis of the seminiferous epithelium gonocytes exit quiescence, what also 66 seems to be regulated by Sertoli cells via NOTCH1 signaling [13] and differentiate into the 67 first spermatogonia [11]. Thus, it is clear that the quiescence is not a period of cell inactivity, 68 although the mechanisms involved in this phenomenon are poorly understood. 69 The quiescence period of the gonocytes can be considered a particular kind of cell 70 cycle interruption, since it is not related to terminal differentiation or senescence. Instead, it 71 precedes the appearance of the male germ stem cells. In mice, male gonocytes enter the G0 72 stage between 12.5 and 14.5 days post-coitum (dpc) through Rb1 dephosphorylation and 73 activation of p27 kip , p15 INK4b and p16 INK4a and p21 Cip [14]. In rats, Beaumont and Mandl 74 (1963) showed that gonocytes do not proliferate at 18.5dpc [15]. However, a description of 75 the time-point when rat gonocytes enter quiescence and of the proteins involved is missing. 76 Previous data obtained by our group suggested that the cleaved Caspase-3 (CASP3) seems 77 to have a non-apoptotic function during rat gonocyte development [10]. Caspases are 78 cysteine-proteases that cleave many different proteins at specific sites [16-19]. Caspase 79 substrates include transcription regulation and cell cycle proteins, such as p27 kip [20]. It has 80 been suggested that CASP3 has a role in the control of cell cycle regulation through the 81 processing of RB1 [21] and p21 cip [22] indicating that CASP3 has other functions but driving 82 apoptosis. In mice, RB1 and p27 kip have important roles in the control of male germ cell 83 cycle and are fundamental for gonocyte quiescence [14, 23]. 84 Here we used cell cycle markers to investigate at what age rat male germ cells enter 85 mitotic arrest and reach full quiescence and suggest that cleaved CASP3 has a role in this 86 process. 87 88 Materials and methods 89 90 Animals and Tissue Preparation 91 Male and female adult rats (Rattus norvegicus albinus) were obtained from the 92 Centre for Development of Experimental Models for Medicine and Biology (CEDEME) of 93 the Paulista Medicine School (EPM) of the Federal University of Sao Paulo (UNIFESP). 94 The matings were performed in the Laboratory of Developmental Biology of the Department 95 of Morphology and Genetics (EPM/UNIFESP, Sao Paulo -Brazil). The animals were kept 96 in plastic cages under a 12-12 hours light/dark cycle at 23-25C. Food and water were 97 allowed ad libitum. Pregnancy was detected by the presence of sperm in the vaginal smears 98 (1dpc). 99 100 Embryo collection 101 The dams were euthanized by analgesic/anaesthetic (xylazin/ketamin, 10 mg/Kg and 102 100 mg/Kg, respectively) method. The embryos were collected at 15, 17 and 19dpc and fixed 103 in Bouin's solution or Carnoy's solution for immunohistochemistry. Embryo sexing was 104 performed by visual inspection of the gonads. The embryos from each age were obtained 105 from five different mothers to guarantee sample variability and five embryos were used for 106 each analysis. The male gonads were submitted to Ki67, pRB1, PCNA, p27 kip , NANOG and 107 CASP3 labelling, as described later. 108 For subsequent analysis, 19dpc embryos were collected from 9 females and had their 109 testes collected for in vitro experiment (item 2.4) and RT-qPCR. Ten to twelve embryos 110 were used for this experiment. Finally, 19dpc embryos from other 3 pregnant females were 111 used for Western blot analysis (item 2.6). 112 113 Immunohistochemistry 114 Six embryos (15 and 17dpc) or testes (19dpc) were fixed in Bouin's liquid and 115 processed for paraffin embedding. Cross-sections (6 m-thick) were obtained and submitted 116 to the labelling of pRB1, Ki67, PCNA, NANOG and Casp3. The sections were dewaxed in 117 xylene, hydrated and submitted to heat antigen retrieval using citrate buffer (pH 6.0) for 10 118 minutes. The slides were treated with 5% BSA and incubated with the primary antibodies 119 121 at 4C. The slides were washed in PBS (0.05 M, pH 7.2) 3x and incubated with the secondary 122 antibody (DAKO Detection System -K0690, USA). The slides were washed again in PBS 123 and then incubated with the streptavidin-peroxidase (DAKO Detection System -K0690, 124 USA). The reactions were revealed with DAB (K3468, DAKO, USA) and the nuclei were 125 stained with Harris Hematoxilyn. Negative controls (primary antibody omission) were 126 performed for each antibody. The slides were carefully analysed and the positive germ cells 127 were counted using the Leica Analysis System (LAS) (Cambridge, England). For each 128 embryonic and postnatal age, 6 individuals were analysed (n=6). The mean number of 129 positive gonocytes was converted to percentage for better representation and interpretation 130 of the results. 131 132 Gonocyte Isolation and Casp3 Inhibition 133
141 The plates form the first incubation (4h) were analysed in AZ100 macroscope (Nikon) to 142 check whether the somatic cells were attached. To check whether the supernatant contained 143 significant contamination with somatic cells and whether gonocytes could have been 144 dragged to the bottom of the plate, the supernatant was investigated for the expression of 145 Sertoli cell and interstitial cell markers using primers for Sox9 and Gata4, and the attached 146 cells were investigated for the expression of the germ cell markers Dazl and Mvh (not 147 shown). None of these markers were detected, indicating non-relevant contamination of 148 somatic cells in the supernatant or of germ cell retention among the attached cells.
149
Subsequently, then, the supernatant containing the germ cells (gonocytes) was 150 collected and transferred to new 6-well plates in the same culture medium with the addition 151 of 10 µM of the Casp3 inhibitor (Ac-DMQD-CHO, Cat. 235421 -Calbiochem). The culture 152 was maintained for more 20h. To check whether the cells were viable after the end of the incubation period, their 283 viability was tested by flow cytometry. We observed that in the control cultures gonocyte 284 viability was higher (53%) than in the cultures treated with CASP3 inhibitor (26,1%) ( Fig   285 5 ). (Table 2) . When the calibrator 298 sample (E19) was included and the fold change was used as a parameter, the expression of 299 p21 cip , Bcl2 and Casp3 showed an important decrease (50% or more) in the treated gonocytes 300 when compared with the control gonocytes, whereas the expression of Pcna showed an 301 increase (70%) in the treated gonocytes (Table 2) . As previously mentioned, the existence of the quiescence period seems to be essential 342 for the normal differentiation of male germ cells in rats and mice, although the exact role of 343 this phenomenon has not been elucidated yet. In other cell types, it is not known whether the 344 quiescence is a passive process in which the cells keep stationary or whether it is an active 345 process necessary to keep cell integrity. The quiescent period begins from the G1 checkpoint, . Taken together the similarity between CASP3 and NANOG localization in 384 quiescent gonocytes and the fact that CASP3 cleaves NANOG, we suggest that these two 385 proteins might work together during rat gonocyte entry into mitotic arrest.
386
In conclusion, this study shows that the first signs of male germ cells quiescence in 387 the rat appear at 15dpc and coincides with the onset of CASP3 detection, leading us to 388 suggest that CASP3 might have a role in this phenomenon. Furthermore, we suggest that
